HOW DID WE FIND OUT ABOUT BLOOD? 

Bv: Isaac Asimov 

Hindi Translation : Arvind Gupta 
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The heart 

3FR 5HKI FFtT FTFt FiT TF[ Ft FTT Rt TJF PlFxTFI 'll 
FMckT Tf FTt FTF TFT Pl^b<rim 'll STT FT T|F Fi FK T 
TFTF tl 

TFT FT|F TFT T?, FF FTF Tt FT FFFt TTST TTF 'fl fFF 
TTT T ft ^ TTk T F|F ^TIFI TJF fFFTTFT |t F FT|F FTFFK Ft TTF 
■fl TFT^F FTt T F|F TTT FFTFT 'll FKtT Tt F|F ^TTFl T[F 
fFFFFF Ft <rll J l TT Tt TTFTF 1 1 

FT FTF T FT|F T FTtF TJF FT TtFF TFFT FFtl FT TFF 
FT FTTtT FT TtFF FTFTT TFT TFFT FFtl 

TFTFTF FT fFR FTFfFFT T 'fTTFFTFTfTFT FT FF fFFTFF Ft 
T|tfFTFTFFTTFTTTTT 12^1 ^FT 3TFF F^KHMl 
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(3}sqFT 12, #1 23) t: ‘qq ^Tf^ERT qtt 1% ^ Tqq m 

TsTltt, qqffqr qqq ttqq tl’ 

qq Tltt qq) tt ■H=hdl I <=N)T=h 7 j|q fqqT Pi<*,P| tt qi|q t dTf T T tt 
qtt tl qqqq qq TRTRR qtf fe W ttqq t ftR 
ti 5-H'+>i qq qrrqq t ft tlqd qf %q; qqq tt qtt 3 qq qtf tt 
qqqqjt ti 

tq tf 400 wr qqqf ^ptf r^fchcq* fqqtqttqttq (460-370 fm 
Tjqf) trk qqtf aqjqrfqqt' t 343^17 qnk f qq q??qjt t fqqf 
tt Trqr ■(.qq qn qq qqf cRefl qq sriqq t qtt TTgRR tt 3 ?qtt t$ci qq 
qq qn 

3 Tiq qq qiicl t ft 3 Tq 5 T ted qq hih^i qqtt <*>t) srfqqT qfeqr 
ti qq ste# ^qqsq f iqq qft 344 siqq ^fqqq 1 qtf tt qq qtfqqtt 
ti 

t*n qtt t ft qitk t qqq ^qr qqq qq qfi^rr qsr qqqT ti qq 
fttt qq qrtk qrsqT t tf qqf t i^q qip tt t qqqr ti qqt 
qnq-qnq 433 qq qqqr fqqr qft qqq>q t qnq qqr-^^qiqi ttqT ti qqtt 
qrqj qrttt qft qpq ft $hki qqq ■^i qft qnqqR 3fqq qft 3ft ■(altdi t 
3tfq qr?q qft sffc qqqq tfT ti 

?)qi °qfqq qq fqqr qqqqq ti tt) qq qrq t?sj qq sqq 3 rqt qqq 
qft qqqrq qft qqqjq qq qqrt ti qqq fqqfqq qq t qqqqq t - 
^qqff qqi ftqq f m qq sfa q^qf f ^ srfqqr ttt ti qq qqr 
3 tr fqqqi t qq qqr •srrqqq qqq qqqqq Ttqn qq qq fqqr qft qqqrq 
qq tt qmqfti 

qqt qrqqT t ft 433 q ^nqi qqqqjt t - qqq istt qft 
iqq qqi qqqq ttqT ti 

wqtq qqqr t qp? qfttt qq *imi qr fqr qqq qqk qq qftfqq str 
qTqqrqff qft tw qrqiT sft ti 3 qq snq tf, qr q^q ^ t tf qt 
snqqq qqq q^q ^qiqr ttt "t qqqqq ti 3 ftr Tftt qnrq fqqr qft qqqrq 
tt tltt tt qnqt ti qq snq qrfqqr qfqqr ttt t tt srrqqq qqq tt 
^qrqr qfqrq ttqitiqqqrRqfiqttttttfqqrttttt qgqqq ti 

^jqpft qrtfqqr srq^ ( 384-322 tm ^ ) iqq ^ q??q t ^qt 
qqifqq t fqr qt qqq, qrftr t tfq qq qtq qqm qrq t qq qqq 
qTfqq 13 tt qq Itq tt qqq %q qqqq'jt || 
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?Rk qP 3pqT qq[ qf qq i? 1 Tqq> qR Pp' 1FT qPPP qR ■H=hd "t? 37N 
Rq> 41^0 ^RpT qiP dildcM ■d'Hdi 3pq7 $1 l<=b qqqf 't'l PpqT qH'P iP qq 
ohIcKI qq -SfiTq ^ RpHT 3ppT qp qq dSfTQTTT I 3'H c bl qwq 3TR qp 

fqrqp ttct % qrf qqq qqqp ti qq wq)q qqqr 3 ^ q?rq qfqq tthtt 
WI ani qRpq ^ ‘feFfWT’ P^HH<=bl rPfRT 3 qs-p qRq t 
‘SRFT-SRFT %qq| qqRT’ qq TrqTgp Spp| 

qq vjihcrT qq qq qp fqqfqq qq 3 qqq qrqT m ^horT qPP 
qpqq qqqq qP Riy, qr fq>q ^°k qq qRi q<siA qP Riy, qqq ^icu qn 
qpqrfqf qPP mihcrT <£ srtP' qq qsqqq qp^ 4' qPf^ qfq q#' «PPi 
■dqqPl qfq qqr qTqqq qq hi-h Pf qr Rm qqp qpqq qP Riy, qqqq 
3 qpi 

qp ■jqrft vjIHckT qfr qfq qq]?P 3 qppp-qnpp vjIHcrT qP afraftqr 
3 #' 4' q?fq qf?Pi 3#' <£ snqqq qP srraR qq 3 qf^qqrRqqr qqqpi (%n 
qqqq qroqR qqiq «ni) i qR^ciiufi qqpp 3 fqqqpqr % q#' qnqp 
sffq qp qqqqrf qq 37 ?qqq qp cPPq> qp qqp qrqpi sftq 3qqq Pp 3 h nql 
qfrq-qqqq Jl=h qp qq^ qp qp qrqqqt qP sqq qppqp qp < 7 ^ st^ft qp^ 
ti 

3to^ <£ qiq 3 %nfqqr qjsq <£ qqpq <£ snqfqqr sqqf qq qqqri 
qp q^qqq qrq^ qpPi 

fqqq qP qrqq yRi^P-sqi s^qP Riy, Rq> srsqqq qpq fqqn 
qqri fqqq qqr qgr TJjfqqq sPfrr 300 ^ 250 fsn ^ tP' qqi q^q ^ 
qq qM qft qra-wr qq qq ~z-wz (fq^qqrq) qft q^i qqk ^ qp# qrf 
qqqr qqri qqqq qqr ‘ y,nk41’ qqr fqqqq ^qpft ^ q«P qpqT t 
‘qqqqr’i 

Tjqf 300 tP' ^qqft fqfqqqqr ^qr^pjpq % Iwqi % iqq ^ 
^rf^rr ^qp qfi qqp' ^ ^ qfqqp qqq ^ qfp «ffi ‘^qr’ qr qq 
qpq^ 't'l 

■jcqq ^ spplq qfqrqT ^-sl ®ff qfp qnqfp *Pf 3pplq qqip pqqP qqT 
qpi ilqqPq^q qrf wq fe qq qfqqp qqk ^ fqfq^q 3pqf qqr qqT 
qfqrq qq qqq qqqp ti snq qp qq qq qfqqf qPf ‘ sqqqpq’ qi qqfqqp 
q^ tl ^qiqp 4' ‘sqqqpq’ qq qqqq qfqT t - qqT qft qiqqq ‘srRqpq’ 
sfR ‘qqr’ qq qqqqqfqqp qp q^ ti 
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valve 



right 

## 

ailWtrl 



artery 



veins 



TT3Hl<d.| 



auricle 

#4 afrcte# 



right 

## ^IPrilcbd 

Cross section of heart 



ventricle 

#71 -T^-ktrl 



«RT 
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fePfqw is sr^wff ^ ^ic+e-Of Rif yiM' I w «mW q| 
ftqq ^ rr I RRfR rrti fe<)f4>dR I rirt fo rr qRfqqT ?rrt ^ 

RTR RTRf I RR 3RR RRR>t R5RR RTf ^ If H6^q RR RRlcf I ^ Rf 

rrt ^?tei icrr Ifi ' i m' rt Rif rrI l'i r^I qtqf RRlfR aftr Irt 
trr qff Rife! RRTf, r qff i?rt qffi 

afrr q? Rif If «ni iqq, qqfqqf I trr Irrtt ti iqq qff 
rsrrt If rtr sfrr qqq If H If l'l> rtI If rtr 3h k^I qff H 
RRT^fqrqf qrqft IfRR ’^Rcft I aftr rtrI rir rw Hrk ^ritt pHR^dl li 
?7Rf If RTlf RTt R5RRT RRt TRT tl IrT I RRRlf HI -H Q 1^ I -Ml* R7f HrR 

Iflf I qfrfq If trr rurt 'll 




Galen C.130-C.200 



IqRR (130-200) 

fq^ft ^qfqq r rr ^ rir rrr£ f|R qff snfeft rsrr I qqfqqf 
R sffqq rr trr rrt I 3fR rrri rir rrt rr If rtrt Ii ^t#tr 
rr % qff qRfqqi Rnqft Iflf ti qnqq flfqRRqff' I afR rrt rUr 
Urtt Id i rr rD o.Rd-'lP-sqi I* r(U rrrt qq R^qqq rr rr fqqi 
qqn fe^qqn qff ‘W+iihi rrr fqqi qqr sfk Hr rrr! rrtt rrt rH 
flRRT ^ RTt I RfR RRT RRTRRt qrfRR f^l 

RR7 ^Rllf fqfqRRRT RRRR ( 130-200) ^ 3RJRR qRfqqT 
(3TRcffR) IRR I 3 fRRRIcff Rf'l fRR, qRfHf I TRR RTR RRRT fRRRf 
Rf RRk q! RRt afiff I RTRT 3^R R|r RRRR RTRR ^ %R RRRtR IfcfTI 
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ftReR ft 3RJRR Rft" (RRT) fftw ft Pdcbelci) ft* Wl 3 7s[R RRRR Rftf' 
RR1 RRR ft* R1RT STTI 

R tR« Ujd^f^l ft* fftfftoWT RRR ftf ftft-WR RR "fft ftl 
Rft 1RR Rft ft RFTf ft TO - R1R 4Pft=hel sfk RJR ftfftfRier ft I cnftl 
Rfaft ftfft ftRftfftft ftf RRf ft - MRRR Rift RTeftl WRR3 4Pftftel ft 
*H< RRi Weft <ftqK RTeTT R>5T «TT - R1RT RRfRR RR> ftft sfR ftRT 
RcftWf <^h( 1 ftftl 6<=h M.dl'HH RR7 ftR 'gRT 3Tqft ftfft Rift ftfftfRRl ft 
R£5T STTI Wg RR> Rftw-ftfftftel RWft ft 7TTR Rft* Rft ftl 

ftRT elRRT 8TT 4ft fRR RRT RRer-RJR ftl RRIW ftRT 3RRT fftRTT 
3RTRf STRRkT ftft RRT ft RTT2T ^JRT «m 

RTRJ WR ft fttRl ftft R>f RRT WWRcT ft RRRTt ft? fftfftw ftfT W 
RW WT RaftR ftkTTI 

ftReR RTT Him an fftr RRR ft* itrt ftt RR ft I ftf el -Ml fft ftft 
ftfftRRft 'ft 41 R Rft nidi ftRTftfftftf Rieil ftRK ft eft ftteft Rift Riy 
ftq ftftl W ftR wft aftft ft fft RTTRR 3TR§r ft fftofft Rift ftft ftftl (W 
RRRRT 7RRR ReR aft WRJ ftReR ft ftftlcf 'ft RTR ftf fttR fft 1400 
Weft* RRT 7TR RRR Tftl) 

1300 ft RRRRT ^Reff ft fftfftcRftf ft fw ft RR ftft* ftf 
ftft-WR RJR ftfl 1316 ft sidldftl RTRRT fttwftjf ft ejiftil 
( 1275-1326) ft RRft-TRRT ft RRRpW Weft RRRT %?ftf| Wlft WTRRR 
ft Rft an ft ftwR ft fftsrrar «tti 

W fftR 1543 ft RRT ftfftRRR ft RRft-RTRRf ftftRRT %ftfftRR 
( 1514-1564) ft <s|<3 IRf iRRR W Razrw fftRT ftft RTTft-TRRT W Rift 
ftRR RRW fftfttl RR cW RRSTlft RJR ft "gft ft afk ftRftfftRR fft 
RRRT 3RRft RW wft aft afft Wlft ftR fftR ftl fR RFRRT ftf RRR 

Rftq ft WT RRT 3ft: Raft ft^rfftR RRR ft RTft ft Rft ft 3Rft RR RlR 
RRft elftl 

RR^ ftRftfftRR ft ftReR ftt RIRRRnnft* ftf - RTPWR WR ft 
Ri| 4 RHRft H-Hel! ftf 33lft Rft ft RTT RTR1I 




Anatomical drawing by Vesalius, 1543 

f £RT sHTUT W cfiT fef, 1543 
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2 Mpcj^UI ( 4 -|JcWHyH ) 



ajftqfta 4 iafef aa faft aft ft aai fef an ■qr^ ftafta ^ 3 iaa 
marfe ft qjaK istt an ftft fa aaa aft feara fen ftfen ft a^n 
maar 3 TrT affea ( 1210-1288) fti 

1242 ft nfe n^afeai mfeftm TTcF TjSfictT fftlftl ftafta ft ^ 
ft ^fft ft feft HIT ma ft nUTO aft am aft) ftl -IM-H -H ft 
5*144 W-Si Iftai I ’iP+J'H ft 3T^TR ftft 4441 4) (4H ft) 41a, 4)41 
4m 1 ) ft 1 4 aft aft) an fea fern; 41 fth naift ft fftftt crf aa feral 
rmnn aft* an 

faaa anna aai ?aa an anar-arq an fftaft an nta i|fe ft 
fftftt mf aft ^ffl aqr ? 

fell sTm 3TrT affel ft mat 4P4la»crl "ft 4 1 41 ftfefeel ft* ma mft 
aa am ^aa nftaa qpnan nnft spjan fan af fftfeftt ft ma mat* 
ftfetamr aa ap am aft ‘nanaft’ rniftt ft ami ti ‘nanaft’ am 
ftfaa mm t ffema mft ftnam ftm ti 3nam ft ‘nanaft’ miftt ftnfe 
ft a|a ft aft aa aan afet fti 
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The lesser circulation 

ftwnrajjfem 



ftfa ‘ ’ %n q#ft 4 M^dl t ft q=F ftt ftrfft ft# 

ftft ft# qmsnsft' ft ftft qnft ti ftft-ftft q? #w ?qftt ft# sfk 
q#T ft ^TTcft f fft qft ftqd H^ftNftN ft ft ftsFT ^TT qq^TT tl ftqft 
ftt *-ltld fftlSTf 4 T^rT 5>qT ^idl ^b<d I tl qi? ft# fftm, fftl S^ecTi 
ftqq qft ft ^r# t sfk ft# ti ft w %qft (ftqr) ft# ti 
ftft-ftft fq qqq Rkistt ftf ■H'teHi qqr ft# t 3 ft ft qft ft# t 3 ft 
3# 4' ^qft T^ qft %n 1 Mcr-HH-ft ’ %CT qq# tl 

‘wrI’ ftw il w w t m fir# qfftrq ft 

^TTcft t sffc qft ft wq <^P#q>d ft" I qq fqq ■HqvSdl t cM qT# 
cftftftd qq W fftft ^T ft# ft# t ft qfttef ft ^TeTT WI tl 
■qfttrq ft# ftt qqft qft qq# ft# ti qqft qiq qt? qqq ft# ft qftt 

3ftft ft qi? qq 'SfRTT ti 

?ftt ift -Sqd-qrq ftt W ^TRfT smfttl ft ■Hdidl t fft T^dT f#K 
(q^nT) ft ffiR fft fqq ft ^TTcTT ft 3 # qft ft ^ ft# ft ^TM ft I 
qq qqft qftt ft qft qftqq 3ft ftffttqqr ft ^tt tAftiftft 
qftft ft -qiqq qiqq fttecTT ti qq# qiq ft ft qft qftqq ftft ftfftftqr 
ft 'didi< fft ft ft# ft qn?n ti fqq qq qjqr qpT q^ fftftq qjq qq 
qqq qqqT t 3ft qqq 3ft qqT ftt qrqft qq qqq qqqT ti 

=hrMHi qft w ft qr# ftfftftd' ft ftqftf qqr qrqq fft qqq ft 
qifft srft ftt 1 qq qq qrq qq# t fft w ‘qqpftte’ ft w ti 
‘qqpftt# q=F ftfftr q^q t fftqqq srft ft# ft -ejt^ ttqT tl ftqft 
cw qft 3 tit #ftq srft ft ft} ftt ‘ftrar fftftr t 

qftfft qift ftfftft^r w ftt cTtft qra qr ftqqT ti 3 m ftftq 
ft wff ftfftftd' ft fftqftt w ft qft ft ^ qft %®ni wiq qftr ft 
Pncpdi w ?ftft ftra ftt?n ft ftk ^afftpr qq; w ft fftqftT ftt qrqqq 
q^ftt fti 

fftq qqqr ftqqrq ski WP ftfftftdR ft ft# ft feft ftt fftftt ft 
qft ftsTT *tti qftt qrf ftqrft ftt q^q qftft- 3# qftq fftqsff ftt ftt 
qqr qrqq fftftt ft qft ftsn qft ftqn srqr qfftq ft ^iq ft qftt 
qft q^ff ft 1 
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RR 3Tk Rcfchd aftl ^ffq k fRTTf Rf Rf RR RR ^rfq^Fr Rf TJTTTR 
R> Rif ff' x RTT Riff an | 1924 ff ^tIh ^ <dl J lf Rf -syR Rif ff RRT R<RI I 
‘RRTR ^ Mff RR’ Rf T§p Rf TsTfRR RRTI RR TRlR T1RR 

RRRf t^rr rirtt ft?Rr ^TRfRrr ( 1511 - 1553 ) k Rfi 

fHRl4TI RT RR1RT RTRf RanT-^anT 4M an I yP^RHf ^TIR RT 

RfafffkrR -ci4 Rf npr if Irrrt Rf ■'tr>i ani Rf Rl-'i RTiff PirxtI RRfkf 

TfT Rf RffrfbRTT RRfl RT RtRf MTl^ RpRf ^Nfd4H sftr ^ 

#r nqq 3 hhtr «m 

TfTRterr <£ RTfifR fRRiff 3 ^HT nNlPd+H afk y)^^ TrgRR 
RTTIR afl 1553 3 fU-fliTI k RcfT TJTRR wft fRTPf' M#f 3TRf fRRT 
°q=Ki Pr>mJ RTnf dM^a RT fRclTR Rf dteiR Rf RR if 3TRRT rtr -iRl 
Ml RT^ RTpf fRRiff Rf TUcfRpHR cflT RT RcTRf RRf ff aff f5#R 
TTR Rf ^■K1R> Ri dtelR RT dlH MIT an I 

M Rf ^IPdcHH k TlTRlRTT Rf Pk4dk fRRT M Rf RRT ff RTIT 
RtRT R^RT, ffRRRTrfe 'RTTT RRTI RTT TTRR ffRRRTrfR 4' RR RT|R RRtT 
RT1TTR M - MR oblPcRH ( 1509-1564)1 RlPcrRH, TlTRlRTT Rf RTfifR 
fRRTTT Rf TldRT Scldl sUld 1[3n fR RTpf -RrcTI e-H R) TJcff RT RRT ^f 
RT 3 tRr fRRTI dRR> RTR PUkleR Rf 'JTTTRf Rf Rift yPl4) Rf RRRR1 
RT ~3r% Rf RTTT fRRT RRTI 

RRRRR RT® qfcRT RRt Rf 3TR 1694 k' - TfTRteTT Rf RRJ ^ 
nf Rf rr rr qfn Rrnk sn^i RRRf Rf rsrt Rfn 3 trr 4 -gan fe 
"5RR k R ^RR PfJcfliy R 3TR^ 

RTfifR fRRK RRR fRR; af RR( RRk RRRf ‘RRR ^ Mfff RR’ -pnik' 
W RRRf k M1R3 RTfiRT 3TRT t RT Rf RR^TsT fRRT «ni RR TRM 3TR 
Rfmf RR ff affl 

1559 k ^TRfRR Rf R^ ^ W RTR RR RR ft%RR R1RRT )RtRgf 
RRRRf ( 1516-1559) ^ Rf TRR ^ ‘RRIR ^ Mtt RR’ Rf TsffM nff 3fR 
RR RT R^T ■JRTR fcrKsPl I 

RR ■JRTR RRf TRf sfk fRRT TRfl R§,cl ^ fRfRRTRf ^ RRT 
3TR Rf RTRRRf ^ RR ^ WRT f^l RTRHRf RT fRRR RkRtRTT 3Tk fR 
3TR RfRTT ^ RfcT RR WIR 3TIRT, RT RTRRf Rf fRRR Rf ^JTfq ^ 
RTRMf Rf MRRK[ aff| RjHH) ^ R1R ^ 3TTRK RT RT 3TPf RT RfR RT 
RRI MTfkR RRRRf Rf TRR R> ‘RRIR ^ RR’ Rf TRfR RT ^R RTRT 

tl 
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1574 s£ld±H *57327 PlTldlHl 4^3 R41 ( 1537-1619) tl 3ft 
Rl7l37t' 33 37*333 377 7t tl 37t ddR tli-tli ‘ 3l<r3 ’ 337 37T3I 3737 
7371 3^7 ft^ll t 3337 elf 3733 3787 3ft 41°IK 3ft 37t7 3ltl ITlt 
fil'll 137771' yfa(l*7 t 733 377 Rifll f 3337 1 37 3737 733 fTTTt 13311 f 
3337 31 3733 7p7 3lt 37(7 tl71 3ft 33 377 ttl 




37733 333T3 31 f37 t 337-ft311 t 3773 377t 3177 3T73 tl 57771 
77tt 727^ otifVl 33 7s[3 33 7737711 311 37 7371 3ft 3ft 37t7 33t 33 
7137717 311 

33' 77331 4 tt 371717 tl 33 37t^ 73f37T 373t tl ftTHTTl t 31 ft7 
tl 37t 313^5113)' 33 3777711 t 33 tt tlTltfttt' %7137t' 37f 3317lt I stl 
33 Rl7l37f 3f 3737 7371 3ft alt 3ft 37t7 "27773 3> 3313 3> ftttTT 3737 
333 33 33^7 3777ft tl 3737 37t^ ^31371 373t tl 3ft 3777313131 33 
ftftTl 70ldl t, Tit f?17137t' f 37f337 7371 Tit 3tt 377711 t, 37 3t 
SKI 41 1 tt dtl Ra'dcll tl 3133 , 7371 37t 3ft 3lt t flat 33 3713 
377t tl 

37 377t 313 237 ftf2?l 31337 ftftFTO 2lt ( 1578-1657) 33 
371333 13711 si 33.(1 377t t 313 3f 3^3 %871 3> %2 $2<4) 33 331 3t 
t3f73t t f?F3 331 

lit t 33 oi]Rk13)' ^ Wit' 3ft 37127-7357 tl7 3f233 tt7 3773ft 
4R41ai<rl 3> 41 3 3> 3133 33 3*333 137311 377t 13 373377 33 31-3733 
37371 4 f331 f3777t 773737 t 3f233 7t 4R2l*d 3ft 3#7 7371 3ft 333 
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ftfti qr fqq it Riq^A qr ^ ^ qnrq qt qfeqq qft srk 

W q#' qq Wl ^3TTTT ttcR- qq^ft q WF Tap W wM i 

'JllCll I 

fqq inft ftq qft r^Kl3Tt’ q> qi<rq ^ qR ift ■nl-cti qrft Pii'Hchl oftq 
qqqft fftTaqq i lqR 4 'l ft qft sftli ift qiqq ftqft pq-fq^TT qrq sft aftq ft 
w qft fqq qft sift qqftqft fti 

d'H^l 'JiMqft qft 3H<rl J I— 3H<ri J I Rki3TI (<=I-h) qft qrqq>< IpT qft ft 
qftsFT fqpi qq qq %nft ftrqft ^ft qiq qq qqiq qq q|eTcff ft! fqq ft 
STT I 0,-hi <rl J im ftft <=K 1 fqq qft ftft qiR qft <=hliftRi qq q?T an I 
ftft qqffe ftiqft ift qqqq oft fqq qft ftft qftf qq qTqr $yftrN, qiqft ft' 
qsrPT ft ftft Rki qqq qf i qi? qrq qftt fftqftf qr qrp ftft ft i 




William Harvey, 1578-1657 

fftftqqqft ( 1578-1657) 

qqfqft (qqftqr) qft qrqft ft fqq qft ftk qq qprft fti ftqT 
qnTcn ^ft Tqq fqq ft ^5 wft qft qftfftq qq qrr ft ftq qrqT qft qft 
qq?? q qft q?? qr q?T fti 

qq iftf qft ft qp? ft qq an ft qqq ft" snqri fqq qqq qft 
qqfqft (qqftq) ft qftqft qft qftfftm qqq, ftq fqq qp fftqqf 
(ftq) ^qr fqq ft qqq qiqn ftqf ftfftftqr ft qiq qft ftqT ft qqq 
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R ItRF RW ^TcTT 'll 3R RTf <3PI)<=hcn I ?JW fRTT RT If TR 
Rfkkf (rH) I Hri HfeT I wi I sfk fR ffeulf (few) I 
I Hr rt Hr ^ fR r HH I rtt |i rt fefefRr 
I TR RfHf (3 rHt) I RRI fR fRlIf (Hr) I If R 
I TpKcTT fsn H I RT?n Ii(r ‘r rr r rt’ li) i sfk 

R|c| R R M$r> ^Kl fR eld I ll 

H fe RJR R 3RRUTT % TpJ^T R R| TR Hw RWT 
I H s^Riy, RR RT ■^T ^RT TRT I, RRT ll fR RT R 
fRTfk R r^ddl TR Rt RR I, sfe fR RT fef I [feddl R 
fldj-Sdl I, RR Hf I RTFI Rll RTI ffe RT H I fR RT RT 
fRjT TR, RR fe R R Ifa-RT Hn 1 1 fW fef Hi I If Rl 
TR R Hi R WRIT | sfk f If RTR ftHlI RflR Rf TR 
RTTR Rk I RUT I H RTf R RfT RTTR RRT RR ll 





ventricle expanded ventricle contracted 

HftifkfHR How the heart pumps Hff if 

H fe RFf srlf If Rf RRT If ffeRf RT 3R fefew Tip TfT 

Rl fetlf 3Rlf TJR RH fefT Hfe fRT3| I ^RT Rl 

R R wife fRR ffeH If Rf Hf «ff I RT I Rife I If If? 

1650 I fefelRf' I RW fe kfeff fef fTT MI fefp an flTTTf ffe 
HWR RT I 3TR I ^ ffesll RTf RRTf' fef RT Rife fR WT Tlfel 
R RRFff fef RsHH Wfl ll RRFRq RT Rpft Rf I 

few rr Ht I ‘fetlf Hr fef rrt’i 
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veins (light) 

f?rcr 



arteries (dark) 

(TFtt) 



The circulatory system 
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HisJsbWlM rr m -q^f rrrIr ^iPh* HRpHdl ^rfq^ft 
( 1628-1694) R feRTI Hl^shlwPlM R7t U^IRdl Rf Rl RR R#T 3^1 RKIrt 
trr frnisrf qfr ^§r -qur ^ff sprit rrt si<|rr «ffi 

1661 TffT^^TJc^^^opfsTR; ^dPMRl % RRRTRff ^ RtsTT 
rr stkrrr fRPRTi ^ rr^£ #' rt) wit f|i^ft 3 trr %pr 
rFi sffc Hi^shi Wm ^ Rhl RRnt ^°n fe tM smst sfk ttrrrt 
rti)r> 3fn rrIr trr PjKistf it rj§) ■gf *ffi 

RRpt fR R#T fmisff RR RTR ‘cfipMdO’ RT ^f?TRR Wl ^RTRt 3 
‘ ^PMdil ’ RR sr«t RtRT t ‘RTR 43’ 3?k RR f?TCR fRoRlRT RM 43t 
R#R *ffl 

=hRf|obl3Tf Rpt MR R> RTR it Rlftl if TRR R> RRTR Rpt 3TRRRRT1 
IRTf 3RRR RT TRlPdd 3pR RR it TPrft RTfR 3p) HH l4 Rl 
T(R7 fRfe?l ^RlfRRT TRlfRR 4 rr (1677-1761) TRRRTR RT 
‘^TR-ttRll’ RTRR RTct RRTR RRlPdRi 3l fedt R1R 3 TRR RRR1 4 RR 
RT1RR RTR tl Wl 1733 3 RR RRRRRTT RR % %R1I 3TFRRRR 
TRRRTR RR RIRT RTR1 RcR RfR RTRFR RTR tl ‘RRR TRRRTR’ RtRl Hclt 
RTt 33 RtRl tl 
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3 cTFT chlfyichiu; 



WTRT 3TRsJ '35T Fp qp) cTTcT cKd '■TSR 3TRTT 1? sffc dqq>l IF 
^TFT ^ TpfT 4*IT WTcTT tl qq^ 3 ^sF) FT qcfr 

MK^lf cR^T 4' ^ qqp ctof) ff W 3TTcft t'l pT qpqf ^ 
c hK u i ^ qp did fq<g<m ill rKd qq FT 6<rqq nidi elm i? 3f(T dq*) 
ik qfl ale) did) qq ft qt Sd^i qldi Wlm ill qqq, qq q§ci Ft q)d) 
dl'j) ^chdcil slot 't* cff ftq ddq>i fq did lit dim ill 

HISstPlFtilH ^ qpTSTTcft fqqt 'ft fq I&ft qFJFt' qit ^TsTT J IMI I 
^dfqdl q fF F°m qqr qq %Tfqqr ^tq q^qsrr^q ( 1637 - 1680 ) 3 
1658 qqqq q^fq %qn ft qfqf ^iPi+T 3 3 qFt qqq qq ^r 
Imd lH<rl qi? fqrqt qrt qsl hci i i 

snqt ft <£ sn^K qq ^ ^ Fpqff qq ‘te qpq’ ^fiftt qqri 
srM 3 ‘^ft’ qq qqqiq ^Pt t Ptfqq qrfqqr qft pqr q|p tM qq^ 

- fft) 7J8R fqr fq^ q^qftqqTfq <£ fqqi ^sr qiqr F?qq q Ffi ‘fe 
qpq’ qq qqr afq qiq t ‘fftqdqi^q’ fqqqq ^pFft 4' ^Pt t 't§ 
qiqq’i 

‘If PldH ’ qrt qqq qqqr -sq ^qnfqqr 3pp qqq ^fqq^qr 
( 1632 - 1723 ) 3 fsfft feqTi qjqaqq 3 ffp qTF fqqq P‘ qqq q?qq 
FTFFtFfpF ?)i ftP qqq qqq qq fqqqq qfqqT qq#Pt P hft qqp 
2)1 qq pFTt P PpP qr fD q)d) q)P qqqfqqr qq) qqr fP) sfp q) 
qqqrf qqrqq tw qa wi 
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^PcHsy, 4 4rr’ rr r4r fRRHi Rl rrts rr>Pci 4)' 44 4 afk 
RRt R% 4 RR7 R3R1 Rll Rl t®4 4 R^Rl' r 4 Weft' J|lPd4T 44 
<rl J Icl RT ■d'l=h 41 R 4 W 4r itl Rll 

#sr^ 3 rrrH rirr r 4 =blR>m 4t ^fti rrrr rtrfr rifr 4ter 
®TT - 3#PRm ohlPs}|cb|3fl 3 4t Wtell 3RR 3400 #iwil' r 4 RRT ten 
4 ■Hdl=h< R§1 eft 3i<=hl d*RI^ MRi-tR Rt el J H I 3RR d-t ych-R>-d>H< 
rrrr rrir cfr 12000 r44rr34' r4 rPr 4 PodRR rrf-rr 444 i 
5 cm RRR an fR> 4 HHI 4 sffl ohcr L Hl r 4 RR> fe«4 r4 

fRRRt RRRli 3flk RTlRli 1/25 -TR tt 3TR rPr4 4t 1/25 -fR Rt it I 
44 Ps®4 RR STIR yRf<=hd 4 RRT HI iR J 'l I 

RR 3RR RR RR TRR 4 r4 RRi ^5 TRR 44 50 Ps®4) r4 
3TRTRt 4 RR R1RRTI 44 R^ *44 fe4 4 RFTRR 50 dlRR RTR R/lfRRRR 
#4l 1852 4 RR 3TIR7R1 r4r %#TRT Rr4 RftRR 4 ^SfRTlI 

RRT RRR11 dTR Rtf tfcTT tl RfW' 3 RIRRf WRRT 

did el cl I 'll RRRST 4 TRR RR1 RTRsTcTT tl RR did /Rcl r 4 Hl4l 
4P4l=hd Tjt Rift 4 RR RRRf tl Rift RR RRT RR RRR1R RRRT t sfk 
Rtr 4 RTfRFT 3 r 4 RTdT TRR Rl4 4)4 RT RR tfRT tl RTR 4 TRR IRR 4 
RlfTO -3TRTT t sffa RTR 4 tW' 4 RTRR fRT RTTRT RRRT tl 




HR R?t %rtt Veins in hand 
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w ^ ^ 1669 # nm fifem fimi (1631-1691) 3 
## #fl m7#m (f|*l) # m#f mm T^T (#m#f #f 3# mi m# 
W #t ssk=h<) mim cTTcT mfm t 3?fc m# 3Wtf^-^ (3sp) 
mmi ti ma# Wh mm (f¥RT3rf) 4' nrni m# n°p (#m#f if mi 
m# mn mf «k=h<) nmi in mi mtm i sfrr nit ‘ #^-'^7# mmi if 
mnn 3 hi H^ b) cq-cii nti in mf it # mm nmi) m## if fin# 
fm# mf ##f mnmf nil f#mf f#g# ## #t nfma-mn mf mam mm 
nm mfro # m nit ■gin) i mamf nmm if iii m il#l kiimf i# 
fi#f#i nn# nmi nrn nmi itm nr if nra nmi nit itmi 

mnn 3Tnr^ft cam nmi in mf i, m i#< mn msi njnm mf in n 
ji if mii! in Ikci i mn mn il' # fmn mail m##t if 3<ri R?kl # m? 
Rkim, nit Rif# i ■jnrn # mra n# #tn it njma mf ^ it ngn 
mf am mi ii aiml nifn #R) ml fin nn if ifn-'taRim# # mm 
mmi h-scii mi ?m Rhh> ^<1h if n# #fn Riiml ?mm nli # 3#n ml 
*jn if mi nmi # if mr# i)#l-RKi3ff ml inn mi ii m# f#n 
msn-mi if mrmn mint mf mif-m# ’ (if# n|n ai# ) if 

mmi if 

mnn fm# i" m# nm mn n# if nm# it m# ilen mp 
nit Rm<nm mi m# mm it mmn mi rnmi nfn if mm ^ nmmf i" 
mm d-Hcbi in <m<n if mrmi 

mm n m nm mtm if fmmi n^n nnm mnm m? 

1774 i nni fifim nmn-imdl mfim ite^ ( 1733 - 1804 ) inn^ 
ni irn mtmfi mn irn i mn n^n imf i mnmi fn; mmif ill mm 
fmmf fim wm mi npmif 'gi mrnif mf mn ^fnr i" mrm mrm if m n 
nrn mn mmi <m j ini mf 1 

1778 i T^m Tin mmrnnrnmif afifen nffe mrmi ( 1743 - 1794 ) i 
fimm fm mm i if 3Mn-3mm ii' mtif if mmf i 1/5 rnn ite^ mf 
irn fmi rnirnm i ‘mfmifmn’ rnn fim mtm ii mni 4/5 firm 
‘mfifmn’ mn mf irn mi mtm ii 

sffmflmn, w ni nra fnmmn mRmfm mum mm# ii 
mKilRnd-mim ( mrfi#' n mmi mnm ngn) mm#mficfm mtm ii 

1857 # nm ^mfn %nfim ^firmn mfmi im ( 1830- 1895 ) i 
fiteiim fm aqfcRffmn mnii mi w # mmr mn # n# fim# ii 
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aqfcwl'jH EM-ohlPEohisff ^ ftE# tl 



EE EE W ETcJE -q^ IJEI El fe Efk Ef EtfEElEf f ttttR 

rtee EftE wit ttt ti e4e tfttR eie tt sngsff tt Phem erei t 

ft^t WTEJ ESt tl sffc RtttR El EtE WTTD| tESt' qr ^ntf SEJstf 
tf PtEM ERE1 tl 1851 tf e4r %TtfRE sfftt RTET (1828-1879) t 

em #rai3| tf -qcF tttfR EifRE fEEi ie em EtE wwn# 
EFtTE 4iPd+H tPj ftEM ( 1825-1895) t WT ttttR Et ^1<=b<u| ET: 
eret ewer fEEi 

EM ^fel 3 fREEt tttlE Et ‘ tl4) J E)f®H ’ EMt tl ‘tftt’ ET 
^RTRf tf E«f TEE ttET t sfk * MlPH ’ IE REpR ET RTF ttET tl 
^PeU, ‘tlHHElPM’ IE ‘TEE-tttfR’ tl 

EE TEE tW' f tl 1ETEI t EE EET f trtRJ5 ETETttEE wt xq 
^ tl4l J ElPH tl PtERE 'ERETttt EM T7T Eft ETERl- tl4MPH Mitt 
tl IRf ETERIS tttt ETE tl EERt if tftt t fETltl fe EE TEE 
^ftlEIEf f tl ElffT f ^ EE <*>) Pill chlU,' ETERt- tl El MlPER f tl 
ETERtEE Et ElRTRf t WE ET Tpt'l EE W ETERl- tt Hi M I PlR 1ETTT 
ttElwtfEE ER ETET tl 

+mi+m' EMR ETTT fttl ERMJEf Et ETERWr E^ RTE PHdlcil tl 

^■hPI dovsif Pinf u i tttt t Et ETftr ETrt fErt ee ere ett eiri tl 
1747 t IE itfEM EETEEEITEt fEftlWt ifttfEEt tRtfRt 
( 1704-1759) t TEE f ERE EIET f WET EIETI Wt RET % 
EM-EftftlEEEf t EteT ttEf tl EE f W ETEJE EET fe tlHHdlPn ^ 
eW WTFJ t Ett t) ET7 3713 ttt tl 3TRE t M Eft ^ MFTt' ^ 
E1«T tt 3Tfq#M ^ 3EJ ETE7 tl 

*l(U tf 't ftEEt 't Mftcf t Ett Et =h 41 3TRft tl EM 
RfM t Eft Et RRfE EIEF wf if eft ER^ ETtl t ETtt Et 
Mft Wt t Ek Et W#M1 (TTRtfRRl) ET ftlEK tfE tl Effl T^T 
REtef RTE t 3TfE#M fEESt Wf E7 W t afk ^rt ER^ ElftT t 

EEt Et ERt Mt TWt tl 0,41 PH 4 1 ttfteT MfM Et M^El EM 

W7TR MM tl 

STM fRTRt MfM Et Efe t ^ Efel T^T WT tt sfk EMt Eft f 
Eft MRt if tt? EET Ph41 EFTR7 M q^R ER oRpoKI ^ ETtq t" 

iffEER R ESTE1 El REE1 t? 
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1600 ftt ft wi isn aftr fr fifft frtft 

Ml 1666 3 ftFt Rf3TT t FI# FTT fRTTTt FTFFT RF RF FR fFTF RTt 
FRFTI 

RTFt-RiFt FRTt rf rttf rfr rtf) Ftti rtft-rtft FRft rf 

FR7; r) FR oTprff cf^ tjFJ tt ^TTcftl ^Pdy, FTRFT RT RRTFtRT RF 
arfFRT FFFtF f F?f RT?t ^1 

FR fFfFRT ^5TO %TT RTFFF ( 1790-1877) t 3# f FR 
yfnr^^d fRTFT fRT FR FTFFT RF TRR FTTt FFTf?T ^ FTFFT ^ %R 
TRTRRT ttFTI RlfFR 3TFT fRTTTt RfTF Rif RF RTt FRTF Ft elf Ff RF 
fRTTTt ^ t^TF RF tt ttl 1818 3 FTRt FRTeTFR #fi 4' 3RF TFT«F 
RTPff RF Rjl R<SMI pRFI I 

1)711 FcoNi rf RTFt rttf rttft affr RTtt Ftti fr Ft rift Ftt 

Rvlell eft Q.'HI RTFT fir) FcolM, FR. RfF Rft dld-RiH^IFil^ h(If Rft TReT 
%TT3ff ^ RTTTRFT FF FT ‘FTRStts’ Ft F| tfl 3TFT RTTRT-RftfRTRFaft' Rf 
3TR1F F ttf RleH RFT) R<sm, FF; eft FFTt h(1f Fit FTFIF FFFT "ft Ft 3flT 
( 2 HN ttf RF 3T%TT FTI FTTTt FTtF FT Ft TTRTeTT FTI 

1900 4 STTfeRF FIRST RTTef ^FTFIfFT ( 1868-1943) F RT 7Jc®ft 
RTt TJFRIFTI 3TFFt TsffF if FRl' FTT 3TRFT-3TTTF RRFT Rft 
FnFT-RftfRTRFR fFFlfl Rp5 Rttf RTt RTRT-RftftRFt f V TTRTTT RF 
TTTTTRF f RR tteTT 3?tT RR 4' ‘tP FRTTT RF TTTTTRFI RftftTF RT V 
aflT ‘Ft’ FRTTT Rf RF RTt FRT RTTt tl fFF efttf f Rttf TTTTTRF t Ft 
‘tt-FP tt ff TTsTT FTeTTI fFF etttt if* Riff Ft TTTTTRF Ftt FT Ft FR 
3TFFT tt ‘ 3fP F TTFT FTeTTI 

3TFT 4,<=h TTRFT Rf T^F RTt 3TFFT FRFT ^ T^F FTTT h(1f RTt FSTRT 
FTFT eft Ft 3TRTTT ‘FTRJFTFF’ FteR FTI FFRt FT fe FTlF RF 

FTT^ TRF ^ FRFT FTRTT # T^F FRRT FTRI fRTTTt 3TTFTF fTFfR ^ 

‘tt-FP RF FTeFT FTtF sftr ‘fP Rpff FRF ^ RF RTt TFtRFT RT^FTI 
FTR ‘R-FP RF fFRTFT F^eT ^F FteTT tl F5#TT ^ ^ FFTT FR 
STFTtRF RF RF Ft ‘R-FP FRF RF FtFT tl 

‘R’ FRF sf(T ‘Ft’ FRF FT^ FTtF TTRFRT ^ ‘aft’ FRF RF TReT 
TFtRFT RTT TTRFt tl FTlfTR TReRTF t FF RF fRFFT fRTRT FTFT t eft 
‘aft’ FRF FFF FFRpft ttFT tl ‘aft’ FRF RF RTt fRTTTt FTtF RF IfFT 
fRTFt TFet ^ IFFT FT TTRTFT tl FTR ‘aft’ FRF ^ FTtF ^FFT ‘3fP 
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STfR ^ T^R Rif tt TRIRRc) tl RFTRR 3R?f 3HH-0<=bl ‘art’ RRR <£ tl 
1930 4' ofsRRIsHl Rif TfR Rif 3RTR #W TsffRt Rf %R Rf^RT ^TRRiR 

r*H<rll I 

R}« (Til- 1 1 <?1 1 <rl — ^bl R? I c+1 1 sff Rif ddR> RTR tf sjcIMI M-HS, Rtf RRd 'tl 
1831 f Rcfi TRiffHRf ^lPlR> RRt RT3R (1773-1858) t 
RiffRTRiT3ff Rf 3TRT RRi itlRT <SIRI <2l)^1l I d-H-f fR <Slt Rif RlfR R1 
■^jfRRRRT RTR fRRTI RTR R RRT RRTT fe 5TR> RiffRTRiT Rf 3TRT RRi 
^jfRRRRT tfcTT tl 3TR RRR R§f ^ ^ t ^ c blRfl c bl RR RRR 
RRRRJjf RFT RRRiT ^jfRRTRR tfRT tl ^jfRRTRR Rf RRT RRi RRJSif tfRT 
t fRTTt fe Rf TTRi-RilftlRil Rif Rf-Rif1%RiT3ff f RTS RRiRT tl ^jfRFFRT 
R1 fRRT RTfItTRRt STRRf RTRTT t Rfe Rtf RiT RTRRcff tl 

tRTRT (3TR Rif 3RR RTTRRff) Rif RITR-RtlRTRRaff t ^jfRRFRT Rtf 
tfcTT t aflT S^Riy, t ■H^rI RfffRlRRt Rtf tfcff tl ?R RRR ff RR? 
RnRT-RTpRRR (RiR^Rd) 1RTRT RTRT tl 

RITRr-RfflRTRRt RT RIM-RiftRiTTf (3RR R^f Rif Rf iJRTRT Rlt) 
^jfRRTRTT R tft ^ RiTRR R^R RRR RRi f^FRT Rtf TRRf tl ftiT Rf Rf 
RfR 8TR RRcff t - RRk f RRT-RRT ^R RiT d J lldk 3RRRfRR ^RiRST 
RiTRf RTf RR-RR RTTfT Rf ftfR^R 3RTf Rif ttf tl 125 fRRf Rf RTR Rf 
SSR1 RJTR tftf t'l Rf RTffT Rf RRT 3RT - Rl<rcll (TRTTIr) t" fRTSRf tfcff 
t Rtl RTffT Rf RlRif SRlw Rf RTR RRRif Rf RRR^ tfcff tl 

m? 




Location of spleen 
RR^RRjtlTRfR 
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Mill t 3TR1 ftMM 20 MTU MM-MffMMlt Mlt fl MlffM 

Mti f imt a#R 7 mm-mI rViobiU; t nuftm; ri 20 ornsr srfRM rirr 

dt MRlt tl Miai-Miai 3lfiaT-RMl (R1R tt) t' ddldk R^ 
MM-RtfMMlt Ml fttn ¥ft WT t - MTRR lit R% 3 fMM 
MR t R1 Wl t it tl M MTM-MffMMlt RR TO MffMMlt t 
til tit t fMRf ^fRRrRR tdl tl 



4 Wtt chiry|chll( 3TR kHclHifl 

tt TRd RRH R MRlf 3#R7 RTRF t fret Met MM-MtfMMlt 
tit t, Rial jcki tf 3RR -4)4) tt ckdl tl 

1850 t' RM ^4 M1RR1 MfMM MhMt R11RH ( 1812-1882) Ml 
T^R t' RjM tit MlftlMIlT,' ftsrt f Ml TTTRFM TOT-MlRlMlt t Rfd 
Rtf ®ff | ftp! MffMMMf Ml R11RTR t tM RRMl R% RfR Rp5 ‘ 3TRjRl’ 
R) MM^-ftlt t iHeldl-^eldl aft | 3TR|RT ®i§dN<rl f R1R Mlt RTM1 
TTM-m)R|m 14 RRt tdl t ftt Mint t RTfMTTMIR Mil (MR t Rpt 
f RUl Ml ■HMdl tl STRIRI fMTT flMl t 3lt RRRT RUM t Ml Mil 3ltR 
3TRt Mlk Ml c)41 t M^eUdl tl ftl MttlMT Ml RIM Mil Hyrl fR) MR 
f fTM tl IM #R MtnRM aftR ftRR RleM t 3 t1t W RRTTT Ml 
rUdHldl Mlt WT tl lit RRRT TM1 f Rlt TR Ml MlfMMlt tilt tl 
1869 t' dlldld t ftslTRl ft R1 MffMMlt TMT t RtjR Rlllt 
RRiaf (RRM-Rlt) Ml Mlt til t tlMT Mt MM tit ®t'l 

MTM-MttlM13t t f*FT M MlftMltf m) 3TMRT RTMR-MttlMl 
(MT^-teM) leRM MM tl MMR-RtftTMT3t t' ttMffRR Rtf tM t 
stl R t MRf fMlt RMTT Ml MT tdl tl lltftR RRMT MT artel tteR 
ttRT tl Ml MM-RtftlM13t t fMR ttt t MRffM t M^t ttt tl 11 
MMR-RtftlMl f TRM ttll t Ml MRft RM tM tl 1855 t' 

tRlfRM Mt ‘MJMlMll^Ff’ ^Mlt oltl ‘ (r^Mkl^H ’ T^M ' J JRTRf MM t 
fMMMl TO til t MtR-MffMMlI 

Mtl-MllMMiat' Ml WII MM-MftlM13f Mt f R^d MR 
tit tl 650 MM-MffMM13t R1 ftt RR7 RMR-RtltlMT tit tl ntftR 
t MtR-MffMMl Ml IsflM IMt tl RK ft 650 MM-MffMMlst R1 
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Rf rrr rtrf PodiRii rtM 

RTRfR-RTffRTRRR; ^fcff t'l 

I860 ^ RK Rt TRTrRRRTTRRf Rif RTf ^RR TR (^T) 

RRTR RFfl RcF RRfR 'RTRRT RTRT ^<Pd«=b (1854-1915) Rif fR ^ifRR 
TRf RR sJ^HId RRFf 3 RpR affl RRf RFTR1 R1 1% Rl? ^ifRR RR 

RlffRTRR3ff ^ 3TRR Rf RRjaf £1RT Rfi RTF*) 3R|R RRlRf R^ 3R|RR RRiaf 
RFfPl fsrf^FT cflfRR TR RltfRTRR <£ 3TRR 3TRFT-3TR1R RRTRf 3 
yPdPshRI RlfP 3TR RTTRR RR?^ RltfRTRR <£ 3TRR <£ ^TRf RR 

3TR3f cK5 3T?RRR R1TRT TR-RR Spll I (TRf Ri fRRl RlffRTRR3ff Ri 3TRR 
R7^ qf RTsJRl yP^Rid RfRl tl RRfRTRR Rf 3TRT TlRf RRl RTTRRTf ^t?f t 
3flR 3 RcfR^ Rft WM RRR 3# f) | 




Blood cells 



TRR <*1^1*1 

R^RfRIRT R fM’RR ^ifRR TRf* RR RRRtR 3R^RTf RlffRTRR3ff RT fRTRlI 
1875 Pf RTr} ^rfRR Riff RR WT 7RpR-R7ffRTRR3ff RR fRlRl af|R RTRT fo 
RTRf RRRR-RTffRTRRlf Rif Riff RR RTRTR RffrfRrRl Riff #Rfl Rf 
RRpR-RfffRTRR3ff RTf 3TRFT-3TRIR TP^f" 3 RTRR Pf RW IRfl 3TTRRRR 
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ITR ^-chirsflchiaff ^ qrq qk STS# Wo ^TPlt t 3 TR WTRT 
■qftf^%qf f RRRT qk ^RT 4' ST^qm ftsR WT tl 3FR 

RRf 3 fqRft kR qq tt 3Tjqm O^ldl t eft Rqit 4l=hi<f qk qk| 

tfakt ttk qk %ToRt fqelcft tl 

Rtt-Rtt 37 ftsT-TRRT (RH tt) f R?qq 3 ^TRJ 
qrqqq-qkRiqqsk' qq fkqfai ttk rfm tl qqnk qqq f qqkq-Rkftqqaff 
qk Tm ■yi t M 3 150-Tpft ^TIRT tt Rick tl W f Riqk ohlftMcblsjf qk 
tfe tteft t sfk RRR qqq dWH RR t qqt Rtf RTR tl W 
fqsifq qk ‘q^qkftqi’ qiqt t sfk RR ^ RW-tq #mt tl 

q^k tqifkqi fqrai qq#rq tRfkqkR ( 1845 - 1916 ) qk ‘kqttfqqi’ 
f TTgrt qkk afti ‘tqttfqqi’ qq^-qkfkqkq Rfq ttk tl qqqq 3qqqq 
3Tqtqr qt qqk wtei kkn t 3fk ti qrrqr-qkfqiqqat q) tt q|rq qtk ttk 
tl I 860 f tkq qraTWTTRk Rjt WRq ( 1822 - 1895 ) k RtelWI aq 1 % 
'tqttfqqi’ qrtq f sort wn qk qqrk t trot qrnq arm 
tlHiRki bereft ti 

qq qi? ‘kqttfqqi’ qqR arraqiq? Riqf qqq? ttk t - f, qikt 
3f|q it del tl RR qr*k 6HK qitq t" qff^ WZ ( tW) <qqdl t skq 
‘^qtiRqi’ Rt qkt qpT 1 1 qrfk t Rqq wi q?qk ti fq?q tknfqqf t 
qqiqt qqj qqf qtf tteft? 

tqfkqkq? k fq qq-wi qq qwkqqi t srwqqq %q?i wr qrqr fe 
qrtq Rkr tt qiqqi t qtr qqq qfq srfqq? qtsqr t qqkq-qkftqqt 
q^qidi ti qtr qq qqqi T[ T e ^ t t % # ftqqn ?m ttq?q q^ qrai 
ti sfk w ^ qqiq ^ qqqq qtr qt ttt w ti 

qkf qarn qq qpit tt qrtq-qkftqqt TTtq t qranTR (#wr) 
tqi Rqt qrt tqkffqqi qq 311*0^1 qqqffi srqqiq qrtq-qkftqqt 
tqtfqqi qk rr Rq RkrTt qk qNik t qtqqk ti 

fqrfkrq; qrkq f tkgq qrtq-qkftrqqk f^qk qtaRm (#qqrq) ^ 
feeTTR q?qk ^gq^i qqn qiq?k ti ?rkq t w q^tf tt tqktfqqi k qkqi 
fqrqi tf qtr qrtq-qkfkTqqk ^nqR Rqr^ qsnrk qq qqq qiqck ti 
qik qaqq qq tr ^qR qfk ?q#R qqq f ^tqn qqtq-qkfkrqqk tkgq 
qqqt ti 

RqfqqkR k kqktfqqi ^nk qiqft qqkq-qkfkrqqaff qk ' ’tktqqfqqi’ 
qiq fqqn ^nkt t ‘ ’tktqqfqqf’ qq qqqR tfqi t qkfkqq ^°nk qiqm 
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7rra-7rr«r ^ k kt ^*ki 

f^TTcft t'l W>T ^ %TT ^p5 ^T sfk ^ =TMt 

<rl I <rl — <=bl R' l i 3 Tf ■Hi <21 crlfll 'tl 





White cells destroying bacteria by engulfing them 

^«+{lRoi cFt wf 3 tIt k krar i^-chirvi*ni to fi 
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l3,FPdRi 3TR PfRpdlW If RrlR-RflPiflRRlf R7 %tt Hr afk 
rtfr I srt s^f | rtf rtH I %tt 1908 4' Her tjrprk rr ft 

flRT RRTI 

RR HH ^cRlt RT R>K R> dN< I HR< eld I I eft •d’H^ I ■Hid RRT 
RTF PdRxrl Rid) 1 1 RR Rl mdt H Rpf <sfldcrl I HR< llfll I eft 
Ffl I Rll x Tpft RR RTRT 'll RT RR HI RR Rl| fe'HHI R>edl I eft 
FPt I If TRR RTF fRRRTRT I RTRJ Iflf % R1R TRR RR RFR RR If 
RTefT ll 3RR HI R1|R fff FT? I RFTf R |[3TT |f If Rp5 % RfR T|R 
RFR RR If RTRT I IfT RF T^RT RRRR RT ' Redl! RR ^jTRTT ll 
rr rrttr ft rrrt rrrt I. . . 

<RR I nil fid RTR RR yield ^cdl Hdl ll RR 5fl<l< RicH If RTR 
<^d 6RI I- TFRR? I 3TTRT I If fWlfld R? III I R?s9 ®K<d Ifcff I 
3fR If fWlfld I fUn I rrrt wi li rr M|r IfRr I Rif wi 

sfk RFR RFTf' I RR I RTF 3TTRT | If RTTRr-R7ff|RR3ff If WRT ll 
SRlI 'dteH I <di6< T[R7 Tjlf hh-sI ®ldcfl I sfk d^l RRRT I H Itl 
clR> Rfd PdRxdcll RR If RTRT ll 

‘cMlPiV RR 3FRRR RRFf TFTR %nfHf I FRT RTR F 3TRTR 
7T37T - RR RTTl I Rl fUt I TRR RRRT I Rif Red I Pel Rif ItRT I? 
RR TRR Urosff’ I Tj|R RFRT I FT TFTR RRUt RRf Rif IfeTT I? 

(RFRR I |RT If Rllf-Rllf IfRT I, RT R|R fUf If I Rllf TRR 
It RRT I T[R7 RRRR RR RTRT I IfT If fUf nld TRR RfKI I FT 
RTT FPf I IfR I RRTR R7f tfRTRT ll RrI |rT R7T In RT RTRR7 RifRT 
3R RIRnTT I If RTRlRT If RR7RT ll Hf RRUt r! URT RTTlf R%RI 
RRR RReff I 3f| RfR RRT RRRRTRf ll ^PdM, RTlff RTf IRRfRR ^RTdff 
R7f RRRff ^RTRf HsF Rif RRRf RfflR Rlf% RRl Rftl R7f RRffRTf RR 

R^ Iteff ll) 

RriiPli I rIr I Ft dfrr rr rrt rw rr 1842 I H IrtIrR) 
RRRTl ItFt (1801-1878) I TRRRTR I RR7 3RR RR7R I RR§ I H 
RR RRRter %R1| 
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red blood cells 




Cells and Platelets In the blood 

tstt -Sf *mi*iii sftr 

1882 f $d|(rl41 RRRF JWPdtl f^k feFRTftml % W f -HIHM 
RR 'k HIM, clldl RR 3FR -cTImi RT 3TS3PH ftvMI I ITFTRiT <=KrllIdd 

Tnar ^ w«r *ui RFit rNT ^ ‘T^te^r’ rt rft Rrt Rtffo 
RRRT 3RRFF cl^dR^T RT ■'^FT tt ftRRTT-^RclT 2TT I (RFFRR 3 RT Rt 
^tlRFT tt ft®# *ff) I RRRT RR ‘ «TT r^ychl 

^n# f trtfr t#T t «ff# rrh chT«i=hnii 

RF3FFRT kfdcfdU •HIHH ®M-#lft>l<*>|3tf # # #t# wtcft tl # 

kfdcfdy #1 FRFFF T®t # ^TFFT RR # RTPRF 

t#TI 3#F 3TTR ^dtrldy RT PHd^l RTF RR RTR-#f1W ftcFTT t#TI 
®q#-#lP^I3ff c# ^RT f #te#RFT #t WTT R#f 3#R7 ## 
tl kfdrldy #t #f^ RTfa R# tt# 3fk # RM-#lP^I3ff # # ^TIRT 
iIRcb ## tl # =hc|crl # ft# cRT #P°lc1 TIT# t sfk RFT# RK f 
RRRT ^FT t# t 3TFF f#F R# f#J7# RPTRT tlcTT tl RF ’FTTR-’FTTR R| 
kfdcfdy RT fRqW d J lldk RT# WT tl 

RR cTR Rtd#dFFT TRFTRR1 # cRdl <5dl t cIR FTR # 3TR# 6ldd 
#" T^cft tl RRJ ## tt RTtF Rddl t ## RFlt # I^T RIRT ^TcTT 
t RF# RRFT #d#dFH RRT # ^FTR# #' STTcft t 3#F R#t RFT# tl 
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FFFt WW f TTFT FFT FFT«t deleft tl w FFiat tt F^ 

TTTTTFfFF yfsh^m; FJF Fteft t fF# 3TF $ FTFsftfFF WTO 
'sMdl sftT Fdld t?T FFFT tl 

3TTF 3TFTF FT T# Fft fo %tt FFFt TTTTTFfFF ylgh^llU,* 

Fft fft d^<a? Hriqi FTFFtfFF ffftft ft?1ff 3rtr 1 ft Fdii ffI FFt 

■spRn? 

cllKIcl if <=Kdl<d FT FFFT T[F F|F d^F FTTF 'll TFT iFTTTsff 
FFTTF FFf FFT FT%q;i klcklcTTT FTt ^FT-FFT FFt ^ FTTF FfF F 
FFT-TjFFt FT TTTFFT FTTFT FSFT t 3Tk FFfFTf Ft tfFTTf FF 
TTTTT-Ft1%FT3ff Tt dFTIc) FFT cHF di-t FT 3T%TT ■(Fell tl fTTf^R FTTk 
Ff FF TjfafFFT FTFT F5FT t fe FF FfF 3 FftFTfF %TT3ff sftT F 
FfFFf Fi 3TFT FFt Ft'l F^l Q.’HI F Ft fFT TFF FT|F FTF FTTTF Ftt FFtl 
^TTTt 3Ttr FdTTF FFt Ft T JTt TjfFFT FTFt died tldl tl Fp3 dll -'ll 
4 FTTTfFF Ft TTFTTT TTIfFT Ft ^t FTT-t ^ fFR FFfFT TTTTTFF FFf Fttl 
FF cMF TFF t FF^ FFf FFF sftT FTTffFF 3TFT Fttt t Ft F^F 
TjfFFTT tf Ffeft tl FFt FTtT f FTFT T?tt tf FTF f tf Ft FFTTFH TsfF 
ftTTcTT T^FT 3 t1t FF FTTTt FFFt Hc^ Ftt Fit TFFTFFT Ft FFt T^Ftl 
FTf fTFfF Ft ‘ itFtFtfFTFT ’ FFt tl 
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elM W <=blRfl+|li 

red blood cells 



wound 



plasma 



skin 



■^footer 



blood 

vessel 




white blood cells 

=hlftl=hm[ 




H^PsH ^ 




HHsl ^)T «H'1I 

scab forming 



Formation of blood clot 

TcRT Cf; SJcRf; cfW 



5 W^TT 



Tdd k 3TST TTSk-klfk+lstf, erM-klfk+lsf tffT ktettSTI k 
^Ikd 3SS1T ttt f| SddTT Tdd k ‘3TFSTT Sltt cfc^’ dTSt tl 

<dd k Sd TT^Tt STTddT cllel dck) kf 3TrFT Ikkl ST ■Hdidl tl S^Hdo 
ftlM, c*§d ts did tf <dd k ^dk kf tfeT-tfeT ^HMI tldl ¥1 «R fkkt 
kid kf clkl k tfeT ^HNI 'Jiidi t eft ■S’Hdfl yqfd kt tf ■dl6< kf 3ftT 
Sit kf tftf tl STd ell ft d, 3Tnk STS f ^[37 td ^ kf TST kf str tf 
kkt t klr stts sk M k tfer-tfer ^st kf tl ktt-ktt % 3?rqk srs 
k ^r snkt sfk srrk tst ^ ^k fkrktf kk 3kr f zz snki 
kk-krT <cw stt ®idd tsf k ^kn kk-tk <dd k 1 3 trtk srk 
deq ’ skr k tt kf stir k§kt stt srkti 3kr k 1 sttsht srk d<s ’ tfk 

dcrfl k" td vm^l sffr 3 TTS 3iH< c||<H Midi kk d<el kf ftSTT dR ftdTTef 

skf ti 

1 STIRST Rltf ddk Tdd dd eFTSd 45 sfddTd fSTTTT kk tl kk RFTT 
dTeTT (Rd eFTSd 55 xjfddTd SFT ttdT tl STdl kk dTeT dt ‘RTFST’ 
dTSt tl ‘ kdMTl’ RdT ^ntf dFS t fSTTdTT TTO^R ttdT t STTddT fdtfd 
tfdTI 

'-elFHI k <dK u l tf ■Tdd d<el k^TT ddfd dRdT tl 3FIT Tdd k 
dtdef ‘ STTddT dltf ded’ kk k T|dd sk d¥T dR stf k ST 

H Id 1 1 dTSTTTef kdFHI SSdT t kk k 3Tdt TTTS 3TTdTTT STef dekt dt 
ssrdR k wi ti rtfst k tf kk ener-dkfkddt kWt k 3trdkfsd 
kk k fkR 3 k fkr rk k rw ?kk kf snkkkF wnt RRk k 
fkR ^rkt ti RTFqr Rtr kf ?kk k kkffkn k erst kf ^rrs ttkf t 
R¥t ksksR kf kdR wi ti ■rtrtt k tf ^fk; kkksR ?kk k rr 

Rkf Tankf sr sfskf tkfi Tkk kf ^rts tfkf ti 

stt Trak Tnar-Tnar rtfst ?kk k 3 rr 3kff kf kf wtot srst 

ti rsistr k fks; fksr (s^kT) k wm wkssr sfksTsf k tft k 
SSTR S¥T 3#RF RS3TT RRFd ttdf tl 3RR S¥ skf fkdT k tf 
Rdf Ttkf tf snk 3Tdd: fkdT kf TTkf kffkdd3tf kf RRJ tf WQRff I fkf 
SSST cRdT kf kfftddk RT¥T ¥RT k 3Tqtf RFqT kf eHlldk kktf T¥dt 
tl 3RR k ddldk k^ Ttf tf k 3Tdd: RdRR ttf SS STTTfkf stfr 
ST STTfkfl 
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kdkHI fFFT Ft FFf Ft Rlteldl t sfk FTftt fFFT RFT WI tl 
FFt TTtff -RTFFT FTFT Ft FFFT TrgpT FTT fR Ft FSct tl FTT FFFT TFF 
Ft TFTRFT FTTk Ft dlMHH Ft REft 3TKW<l41 TFT FT F^Rdd Wt f| 
atr FF FFT FF FFT«F <j;d ^ FF cilHHM FFTFF fTFT F^cTT tl 

FF 'dISd FTTF J I-hT tldl t Ft ?FFT Ft «ldl <Fd f^KlM, Fl-Sl 'telctl 
t fFTTt fe FFf Eg^ FfdRdd T^F TTFT T?e£t 3ffT cFFT FFT FfdRdd 
FFFT Wi FTFt t fFTTTT Rft FF FFFT FFTJFT FR Tpt'l FF Eft FRFT t 
TFFT Ft Tttt TFF Rkim, STTST RlFi-sdl t Rd^R FFt T|F Ft FTFT Fp5 
FTF Ft 'dlcil t sftT FF FTTtT tt FTF d>tFI FIS< fFFTFTFt tl FFt Ft 
Ffttf Ft FtTTF f Ft FfF FTTIfT FTFT t sftT Fltf t FTltt cFFT Eg?? 
ildl FF Fldl tl 




blood vessels In skin constricted 
FFT Ft RlFdl ff W ftlFF 

Temperature control 

dIMHM fFFFFT 



blood vessels dilated 

FFT Ft ■'frrft ^ FF RRTTT 



FFT dFTFFT t fW FFt FtFT Ft Ft Ft FFFT Ft FFT tt FFT <t 
Fit FTT FFF FFFTI FT FTTFF F FFFFf t ^FFT 92 TjfFFTF tt Fpt tfFT 
tl FTFt 8 FfdFTF FTFT F> fM^FT FFT^t ttt t Ft FTnt Tpt ttt tl FT? 
!Ff FFT^ Ft FTtR FF TTgFR FFTR Wt t FFFjt ttef ftFlt tl 
FFIFFI ftR FT® TTTTTFfFEft FftFctf tt FTTtT f FT Ft ‘ 3TFT’ 
FFt FRFT t FT ftTT * STTT’l EfttfFEftTFf e£ FfttFT t TFFRT FFT FT 3TTT 
ttt tt FTFt FFJ FF FT tt TTFTFT tl FtfFTFTTt FFT dtlRld FfttFT tt tt 
TTFF 3TfFFT TFT8F TFt tl 

FTTFT t t^t TTTTTFF ttt t Ft 3TFT FT ^TR R FftfFTFT FTTt tl 
FlR FtlFTFF3tf FF FlttFT ddlRld FFT TFFT tl 
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■CcTFm ^ TRW! ^SFT W %03Tf 3 3Tk 5RT W1 3T^ 
^TT ofHT *ft PddTdd ^ tl Tft TTCTFR ^Plf^RT ^ f fe wt 
^Rjaf ^fivT-ST^; ^TTTT afk ^TRJ TTT^T ^TFft 3f^T-^T5T ^ W3J 
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Major organs of the body 

Tlffc ^ TJ®T 3FT 



K'li'j-Hi wk 4 hi ^ u i ftm, qTRTT ti s<h 4 ftm, 

RIM-4fftlRR34 RRT RTT t 3RR4tRR RRkR r 4 44 1 RTTk 41 44 Wj4 
41 RlftR 4 h 4 RTR sffcHHlHH fRRIRR RMf RRT RR r 4| W RRfa 
RRk 4fRR 3 f4R[?t tl 

RR 4 ^sTRT MPf t 4 IRK RR sfR 3TIcff 4 HHdl ill RkRT 4 
Rkp 4 rrt ■qwnjsrf 4 44 w rtrf3 r 4 t 4k 4 stir 41 4rk 
UR WIRT 4 RfR?t tl W W RRMpff 4 RK 4 3RR RfeR[ RRP3 
RRt t 4 RfRR 4 HWI 4f4r4P53fkRRT4RR4 r4t 4 W 
%r r 4 ti -44 41 sttrrrrrt 4 sfjrr 444 4 rrmj 4 rrr ti 
^TTtr 4 <JRR RRR4 4 %R RRRRT 4 R7^ RTRT RTRPJJ IRRTT M 
WR tl RRTRTR 4 %R RR4 Mj4fR “ RP 5 ^ ^ XRTTrn I k4?TT 
4RT tl 1844 4 r4r <NHHH!>INr4l RTTef fw 4 Weft RR RRR 4 

■ l ej4lH Rit <2|1 h Rill 

Rkk 41 =bl ft I =b Hi WRRT 4 4 Jejobl^ RTRsTcft t 3TR ftfR RR 
3ffwftRR 4 fRRTTRR RWt 4u RR4 tl RR1RRR 4 %R HpRi^b 41 
+lftl+m' ?r 4 %R Jcrjoblv^ 4 3TRTTRT 4 t f44t 44l RR RRR4 r 4 
RP[4 tl WRRT 4 3TRR 44-4f4§R 41 44 t fRR4 % 4 RTr 44JR 4 
f*-M Rob I MJRTtR Rft c^elil 4 44-44SR 3TfRR> RRRt 4 r Rv 4 t 4 r 
HI -H 1ft 1 4 RRRR 14444 RR Rr4r RR4 tl 

fRRT RPR t f4 RIM- obi ft I ob 4 3RRRT4JR 41 RTRRT t 3Tk RrTFHT 

trjrtpr a4 44-tftrwf rri rr rrr rt4r 41 rrrr rm! 41 rrr 4 
41 44 ti 44-44 rtfrt 4 mj44t 34 44-irr^R rr 4rt t 
44-44 4 4 rr 4 4mrt t, rt fw rt4r 4 rt44t 4ir 3ik rrtt 4 
4mrt ti 3 rk r4 r4rt rirt 4 r4h r 44 4 um rrr 4rrt t 
sfk rt4r 4 r4rr 4ir sfiR rrt 41 rtri rrt tt4 ti R|R wrj ^qtrt 
i§r4 4 rt4t 4 rrt 41 rirt rr 4 t sfir witr rrr 4 rrrt t 4 tr4 
rr 44 44 ti 

rt4t rrtr 44 rtrt 44rt ti rr 3ti44rr, ^^44 34 
44-4f4wr 4 4 m 4 t rr rpi4t-r44ohii^ 4t 44 ti rt4t 4 
%tt rr4t-r434rrtw f44t rr 41 r 4 44 4k rr4 ?rir 4 t4 4 
4k 3RRftR 4 rr rr41 wj 4 rr 4 ti 

RFRRRT, w4T-Rk4fRRTW W 4 T RTMTT 4 fRf m 4 tl TRR 4 
444’ 4 Tprk rrr RTM-oblftiobft r 4 3qrR4kn 4ki4 t sfk mmtt 
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^TT JRift tl TO ^ f 3T^ # ^ ^7 f 
80 d1%?m HIsJildH aftT 20 dfdW 3Tf^Tt^R tf# tl dT 7TT7T £RT dT57 
d^tt di t' 80 yfdVId dl^^^d, 16 dfdTTTT 3TR#3R 3TR 4 Trf^RT 
qn^d-^atfERii^ ti 

?Rk dt dp5 fdtfd yTHt^T dt ^r^TcT dtf tf# t eft 3 ^ftdT 
d^ WTFJsjf 4 ddt f| 1842 t' d^ did ddft WTO1# y^R<=b 
tdftdi fer (1810-1894) ^ ^ dK Tim sn^i 

^RdT ^ ?rfk t' d^ Tdt ^ ?rR dtddj tf ^rii dr ^ftdT ritrt 
f ^rtt ti dt tj* 4 thr t sffc fdd d?nd dm ?kR tf dim 

‘-hchl dldl tl 

<j*R dml t ‘-di'j-Hi d ^hdd d(k dft ohllsfiohiSTf d> Rm, h! q u i didi 

t, dT eft dKft :^ddt dddT dldt dmR 3 Tjdd dt dddl tl 

ddR d^ di^ dFTf f ^KHIHH dt % tft tl 1902 f fddft M 
d^ mfd ^ fdftd ^ifHchT - fdfadd dmm tdRm (i860- 1924) 
sfk 3dfe tdt mT#FT ( 1866-1927) d dtl 7J$d dldT 4' t WTRT 
ddR dt di^ 'ifaiqiddt dt fddfdd <*<.0 t'l dT mM-ll d> mRy, ?rfR d> 
dd dd ftd^ f dfdt t dtr dddt dddd tmr tl 




3jfq#5R 3Td 

oxygen In 

•< 

carbon dioxide out 

=hl4H4l|3tT+HI^4 dT3T 
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Gas exchange 

^Rr dd 3meii-«idwl 



vKi?hui ^ mm t ‘ Rtoto irt 

Jcrjchl^ <£ toit Rf Pn4Bid rrt ti r kriMii 4' Rt w r^ 
to rr R mm rrr ti -% rt fton to to 

3 rr Rt toft ^trrrfr tt to ti Rtotor Rt tort f 

kdl-j-HI f RJRtR R RR; RTcT dto -dcrll RcTT tl 

3lM<=hcri ^fs=hcri RR tt RTR crFr tt ■tej'l R -l^il RR ItTR 

wi ti rrr ftoto ton qn?n t m ^Pitto to ^ to; % 

rtfr t "5^ toto qqj«rf Rt hfi tot 3 h^hici f ti 3 rt <rto tonR 

nra 4' Rjto |RT eft 4 Nail'd to Rt RRFRT tl W R 

‘to tod’ 3#[R nn f to tt to ^ to R W ^ RR tl 

rtr f to torf f to tr rir rt to r to ti to 

tt nR ftotRto ti Itototto Rt rrfr 4' nR trtrr rrrt w 

r rrr ti to fton 3 tof Rton r to Rto town f 

RRR <£ R5; f to 1RR R 7TRR tl totofRT to krlMil to 

tor qto ti 




Lung air sac 

toff RT Rte 
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RTRTt ylcD-irl aRRT-aRRT WR ^ Rtt t W, RRTRfRRT RR 3 RRT 
RRRT R^ Rtt tl M7I 1937 f RRT WlP^I RRTRRRTRRl 3Rt Pold^rH 
fcT^ftel R ‘fRfRRfRTtrtfRR’ RTR RR RRT cftRR RTpRT fRRt RRTR RRRT 
R^ ylilHH RTl 3RRT-SRRT %RT RT RRTRT RTl ?R TsflR <£ %TT 1948 R 
fR^ofteR RTl Rl^RT fFFRTR ^ THHlPdd fRTRT RRTI 

Rt#R R^ RT TPJRr RtJR tft t - RRjfRRT stl RTR^feTRI 
RRffiRR RTl 33Rl ‘ RRRR- I^Ph «4 ’, ‘ Rtel-TR^fiRR ’ 3^R 
1 RIRTRJTRJpRR ’ R RTR RT RRTRT tl TRRR, RtHT 3?R RRTF ^RFfl 
RtRRR t£ RRRf #T 3T8R tl 

Rdt "t RT75 yldl-H Rp5 tt RRTR? "t Rlt t PdddP) RTTtT RTl 
3RR RIRT f 3TTRRRRTRT tfcft tl RR1RRR R^ %R t RTRpR RRT, #t 3pR 
Rlt R> 3RJ3T1* "t IrRRTT R^t RRIt f RRT RRTR Rtcft t RRT R^RlTl tl 

RTRr-RTfR^jfcRf t* RRT 3T^gR *T1 r 1 ill ^ RRk 4 R^RT RTTt 

RTRf RIRRTTRT ‘RTRTR’ RT tRtftRT RRT t^T %R RRT ‘rTrRRT’ atr 3RR 
RTfRRTRRT RT^ft SH^aff ^ Rlt tl fR RfRRRRTT RnjRf ^ RjRRTT 
RTRT-TeftR^fofR RRf RRTRIr RR tl Rl W-R#RjfcTR W 7RR RRR 

rtr! Ir^ri 'rrtrtrtr’ tjri? 1 tl 

RRk RRRTT RRRttt ‘RRIRIRIr’ Rt RRTT^ RTl R7RTTTT RsJRT tl 
RRTRRR R^ fRTR 3RR 3TRRT1 ^RRT, RRRT, 3Tlft RlRRt tl Rl 3T1RRTT 
RRk ‘RRfaTtfa’ RTT fRRpR RR RtRRt R^ R|cHUJ3Tf ^ RT5RT t afR 
3RRR71 fRTfRt RRlt f RRR RRRT tl RRR^ RTR RR ‘ RRTRT#R’ 3RRR 
RRk t RRRTT Ri %R TRcft t 3^7 3TRRTT Rl r1rr 1' iRR 'JRRT ^1# 
tl 1R RRTR RR RlRRt ^ TFfRTT ^ %R fRRTR Rlt t Rpt 3RR RRt 
‘fRJR’ Rlt tl 

fR%R RM-^TR^TR RRk ^ fi^p-RR RR RRT RTRRRt f 
Rl RR RlRTftRf ^ RRTRT tl 

3TRR tRTT stll iRT 7RR RRR fPlR aRRT-aTRFT RRRT 't R^R 
RRRtRt tl 3RR RRR ^4 r 1 R 7RR RTf r!RR Rit RRT RT ?ff fRt R^Rft 
RTff RRRTt RRt Rft I RRRt RTR ■Hsl sft I 

3RT 
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